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Abstract— To date the assignment problems are hnportant
tasks In recommender systems and one-to-one matching issucs
through sochal énvironinents. The: vaglous approaches have
been proposed to veach these puiposes that are normally
limited to the considerations of cost or profit incurved by each
possibie asslgnment However most of the thue, eack of the
alteruntives at both assignment sldes have particular criterla
for judging aboat the other skde altevnatives, whereby they ¢an
evaluate thelr sufficiency, In this paper, in order to obtala the
optimality of both dimensions of assignment we ¢ry to conslder
the concept of efficlency rather than the cost or profit of each
possible assignment. ‘Therefore, the efficlent assignment Is the
oné that firstly, has the maximum optimality in terins of both
dimensloas of assignment, sind secondly, takes into account- the
stgnificance of judgoeent of each assignment from the viewpoint
of decislon maker. To do this, a compound Index would be
defined -which Includes ihe efficlency related to hwo-
dimensional optimized assignment for  the purpese of
mieasuring the performance of each possible assignment. Next,
A mathemntical programming model for the extended
assignment problem is proposed, which Is then expressed as.a
classical integer Hnear programming model to determine the
assignments with the maximum. efficiency. A numerical
example Is used to demonsirate the approach,

Keywords— Assignment Problem; Multicriteria Reciprocal
Judgments; Two-dimensional  Utility; Total Efficiency in
Reciprocal Optimality; Virtnal Alternative.,

1. INTRODUCTION

The assignmeni problem is & comiton term in the theory
of linear and network flow. This problém has been proposed
in different formos [1] but it is most often considered in form
of uptnma! solution of ass:gmng %' jobs to 'n’ people in a way
(hat minimum cost or maximum profit would be obtained.
You can see some of its usage in [2-6); in order to find
effective and optimal solutions; different algorithm including
standard linear programming {7-12], Hungarian algorithm
[13], neural network [14], and genetic algorithm [15-19]
have been devised. For standard -assignment problem, onty
the cost or ilie pmﬁt of each possible assignment are
considered in formulation of the problem; but in real usage,
for each possible assignment several types of input resources
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are tsually needed in an -assigniment problem. Moreover,
decision-makers can bhave several different objectives to
achieve for each possible assignnient, and ‘the ways to
achieve these objectives may conflict with each othey.
Cambell and Diaby in an article [20] pointed out that demand
levels in different departments as well «as the number of
present workers shovid be regarded s the input, and the
assignment cufcomes can affect quality of service and
employee satisfaction. They also emphasized that effective
utilizing of huinan resources is of utmost significance in
sensitive professions such as nursing.

Bera and Suer also claim that mu!uple factors can affect
the assigning of human resources in the manufacturing cell.
Qverall, ditferent evaluation units couid be used to assess
performance nmwasuremenits of the objectives. These
measurenients are'considéred as the output of the problem
The problem can have several mcompauhle and opposing
input and output, In this regard, in an article [22] the author
has formulated a probiem by considering multiple input and
output’ for cach possible assignment, and utilizes data
envelopment analysis (DEA) for measuring the efficiency in
proposed approach.

Chi-Jen Lin (2011), proposes a labeling algorithm to
identify two other sénsitivity ranges — Type It and Type I,
The algorithm uses the reduced cost matrix, provided in the
final results of most solution algorithms for AP to determine
the Type If range which reflécts the stability of the current
optimal ‘assignment [23). Birger Raa el al. (2011) In [24]
present a MILP mode] for the integrated BAP-CAP taking
into account vessel priorilies, preferred berthing locations
and handling time considerations. Robert F. Bordley &
Stephien M. Pollock (2012) in [25} used an approach that
maximizes organizational utitity which is assured to be zero

i any of fhe activities cannot meet its target {or resource

allocation). In their approach, utility-based probability
maximization (UPM) is a variant of stochastic optimization
without recourse.

'The standard assignment problem is a particular form of
the transportation problem and could be formulated in &
linear integer programming of 1-0 [26-27}, as follows:
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In which the decision vanabic sy = 1 means that 7 {h
individual is assigned to ' th job, while for sy =0 no
assignment is made. c;) is the cost (or profit) imposed by the
assignment. Particalar computer software could easily be
used to solve above formulated problems as well as to find
the set of optimal answers for identifying the minimun: cost
and maximum profit. But it should be noted that in this
formulation, the cost or profit is only regarded for measuring
the function and as we mentioned earlier, other criterin rather
than proﬁt or cost could be used for measuring the [unction
of assignments.

The basic idea of performing this research has been
derived from the assignment problem which encounters in
real positions and is not solvable with current methods, The
problem is that we want to optimally assign some of
employees to some jobs in a way that each of cccupations
needs some kind of capability and eligibility as-avaluation
criterion. Meanwhile, manager as decision maker in order to
enhance sense of job satisfaction wants o take into account
tastes and utility of employees in case of each job.
Meanwhile, imposing -each person's taste and also
qualifications and capabllmes needed for every job have
different level of importance. Therefore, we deal with
assignment problem of two goals: first, to maximize degree
of utility in view of each person’s taste and second, to
maximize degree of utility from thé dimension of
qualification and competency needed for each occupation
according 1o the priority of each items. As another example
we can consider a coach ag a decision maker who intends to
divide his/her shidents into different teams in different sports
with limited space; in this decision making process he should
take into account the qualifications and capabilities required
for each sport area as well as the taste of (he individuals so
that the teams could have the required conditions for success,

. Therefore, in this study, the maxinmm of the total
efficiency in obtaining the optimality of both dimensions of
assignments would be considered as the criterion of optimal
assignment aceordmg which this stdy is organized and you
could see what will come nexi in this paper. Part two would
discuss aboui the overall structure of the model and would
provide a definition of the problem. Part three pit forward an

approach for solving the problem and finding the optimal

answer, Part four presents-an exmunple to better explain the
approach, and finally part five deals with the conclusion of
the study.

II. THE OVERALL STRUCTURE OF PROBLEM

Among the basic concepts required for elaborating the
model of the problem, are the three concepts of altemative
role), ‘arbiter role’ and ‘decision maker role’. When an elewent
has the rolé of an arbiter, it means that it has some criteria for
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measurement and can assess and order the opposite
altematives, The element that is being judged has the rolé of
an alternative. The element which directly utilizes the
assessments and judgrents to the final solution has the role
of a decision maker. Therefore, the element that has the role
of a decision maker has definitely the role of an arbiter, but
the element with the role of an arbiter does not necessanly
have the role of n decision maker.

Here, we consider the decision niaking system as
consisting of three distinct types of elements (a component of
the decision making system called "element” that could
accept one or more vole of the wee role of "alternative",
"arbiter" or "decision maker"). Both the elements of X, Y
have the roles of 'alternative’ and ‘arbiter’ reciprocally, dnd
the third element, that is Declsion Maker (DM), has the role
of a decision imaker which is the one responsible for doing
the assignment fask (See Fig .1). We assume to have 'k
elements of the %’ type, each of them are shown as X;, i =
1,2 ...k ; on the other side we have 'I' elements of the %'
type that cach of them are shown as ¥}, f =1,2,..,0 (k<
0. % = {ef,cf,..,c¥} is the set of the references of the
atlributes related to the assessment of Xs and ¥ =
{cf, el ...cf} is the set of the references of attributes felated
to the assessment of Ys. In this problem each element X;, { =
1,2, ...k takes into account some attributes of €Y as the
criterion of assessment and Jjudgiment about all ¥;s, and also
each of ¥;,f=12,. has considered a subset of CX
attributes for the suke of measurement and judgment about
all Xs. Now DM is the one that makes decision ahout the

* assignmeint of elements of the Y type to the elements of the

X type and intends to perform the assignment in a way that
the maximun optitnality is obtained observing the eriteria of
the elements of the both sides. It should be noted that each

elenient ¥, could only be assignéd to one element-X; and the
assignment capacity for each Xj, { =1,2,...,k equals the

number of Py (P is Nutural number and i, P; s h.

the "X’ kind elements the "Y' kind clements
&% = [ef of, ref} ¥ ={ef,cf,un.cl}
= ———
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Fig. 1. The strugturs of assignment model based on rimlsicritenia reciprocal
judgments

In addition, DM may attach different significance to
judgment of the elements X and Y, therefore, Wy is the
significance weight of the elements of the X type and Wy is
the significance weight of elements of the Y type and
accordingly Wy + W, = 1. Also amnong the glements of X
type, the DM may attach different imporfance to X;s in which
case Wy, { = 1,2,..., k is the significance weight of element
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X, in terms of DM in a way that X, w,, = 1. In the same
vein, about elements of Y type Wy, /=12, i s the
significance weight of element V) in terms of DM so that
Thawy, =1

Becanse of the reciprocity of alterpative role in this
decision making model, the set of alternatives to be
considered in this prob!eln is.a two dimensional set which
can be viewed as a set of virtual alternatives that gre.ordered
pairs and each of flieir component is related to each side of
the assignment. Therefore the set of X XY would be the set
of the alternatives to be considered and is represented as
follows:

A% Xy ={(X.Y)|XeX  Vjer} @

Each altematives of (X, }j) from the st of A (i =
1.2,k s =12,.,1) is interpreted as the assignment
of element Y] to the element X; . With such a definition, we
are dealing with a problem of nmiti-criteria decision analysis
which has | X k alternatives and one decision meker (DM). It
should be noted that each of the X, { = 1,2, ...,k and each
of the Y » J=12,..,0 could be arbiter only about
aEternatwes in which one of their components is included. In
order to simplify the issue, we define some restrictions of set
of A as follows:

Vieizon A = {(X)Iner}

3
V=124 Ayt e= {{Xe, ¥y )| X,eX} @

So. with this definition we can say that each element Xj,
i = 1,2, ..,k has the role of arbiter only toward the virtual
altematwes of set Ax;- s well as each of the element ¥, j =
1,2, ...,1 only toward the virtual alternatives of set Ay ; but

DM is the efement that has the role of arbiter and decision
mker toward all efements of set A. Now, we try lo find an
algorithm to solve the problem whercby we could obtain the
best assignmient with maximum optimality in terms of
elemenits of X and Y type.

1. PROBLEM SOLVING APPROACH

Here we are dealing with an assignment problem in
which decision maker intends to process the assignment in a
‘way that the maximum optimality could be obtained in terms
of both sides of the assignment, Regarding this, first the
procedure of ranking which is frequently used in this
algorithm would be defined and nolated.

A. The ranking procedure:

The puipose of wiilizing the ranking procedure is to
recognize the criteria, value functions and the mental ideal
point of the decision maker on the criteria and to rank the
alternatives by measuring the preferable distance of each
alternative from the ideal point, so that in terms of the
preference amount, the closes! alternative to the ideal point
would gain the first rnk, and in the same way, the remaining
alternalives would obiain the next ranks, The symbol of this-
proceduré is written as rank .(s,+). Agan example we could
assume that the element b is the mbiter and the set A=
{al,az. ...,ag} is the set of to-be-considered altematives. The

set U= {uy, Uz, 0,2} is also the reference set of the

‘criteria. Therefore, rank 'y (4, U) is the ranking of the set of
alternatives A by the arbiter b which is based on the arbitrary
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«ciiterion of the arbiter among the criteria of the reference set

U which is done through these proceduires:

Stepl. Choosing the criteria: the arbiter would be asked
to choose a subset of arbitrary critesia based on which he
wishes to do {he ranking from the reference set U; the set of
chosen criteria is called C,

C={epcpi SV 5 |Cl=n C))

Step2. Giving weight to the chosen criteria: in this step
we can directly ask the arbiter to provide us with the weight
of the criteria and if not possible we can calculate the weights
of the crifeda through one of the comimon ways of weight-
giving to match in the following conditions.

)]
Yw=1, w>0 i W=lnwew) O
i=1

Step3. Identifying the value function related to each
criterion by the arbiter: in this phase the arbiter would be
asked to identify the mental value function in respect to each
criterion. In these fanctions, the horizontal axe represents the
value of outcomes in intended criterion, and the vertical axe
is related to the value that those ontcoines have for the
arbiter. Here, we define 3 aspiration levels for the value size
and we ask the arbiter to identify the value size related to
outcomes’ of each criterion based on these levels. These
levels are as follows: 1. "quite dissatisfaction" which has the
zero value, 2, "quile satisfaction" which has the value of one,
3. "quite surprised " which has the value of two.

It the outcome of a criterion is quite satisfactory for the
arbuer, we give value 1 to that outcome in the vertical axe,
and in the same vein, for each outcome based on the relative
satisfaction it creates for the arbiter, we assign values equal,
smaller or targer than 1. The smaller the value is than 1, the
more arbiter would bie dissatisfaction; and the more it is than
1, the arbiter would be more Surprlsed In fact the range of
lhe value function would be between zero fo two in which |
indicates the quife satisfaction and 1 to 2 represents that
arbiter is Surprised. As an example, the value function could
be ds follows:

Fig. 2. Thre¢ instances of identified value function by the arbiter,

The value function of v is a converter that transforms the
oulcome value obtained from the alternalives a;, j=
1,2,..,g on the ¢ ciiterion to the value defined by the
arbiter.

of =R {G(a)) =w(a) : 1=

128 3 J=1,200,g (©
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We define the vector *V’ that has ' components as the
vector of value functions and in each of its comporient we put
the value function related to one of these criteria,

¥ = (v]‘.fﬂ)é’; e v,{) = (7)
(Pl(ﬂj)rvz(ﬂj), ..;,Vn(aj')) ; j=

12,...9

Nuote: in the aggregation model, in order to obtain fhe
whole preferences of the arbiter oi decision maker on the
alternatives, the assessment criterion for each alternative is
considered as a function of value fimctions and the vector of
criteria weight and based on the values obiained from {his
aggregation function would be ranked in descending order
that is the altémative that gain the highest value in the
agpregation function would get the rank 1 and the others
would be ranked based on the same vein. But get the
aggregation function is very difficult because autonomy and
dependency status should be among the criteria considered.
Sometimes, considering all these relations will not be
practical. But this medel is proposed a method that to obtain
ranking and of aggregation function is not used.

Stepd. Formation of n-dimension space with value
functions and identification of each altemativé a; (j =
1,2,..,g) @s a point with the coordinates of V/: we assume
to show each of the altematives of 4 = [al.az. - ..ag] with
n-component vector so that the i' th component refated to g
(i=12,..,n; =12, ..,4) is the owtcome of alternative
@ in the i' th crilerion. In this way we could consider the
a{tematives as points in n-dimension space of criferia.
Therefore, each alternative could be displayed with his value
functions vector that is allernatives could be considered as
points in the n-dimension space of value functions. As an
exemplary assumption take n=3 that mean we have 3 criteria
50 the 3 dimension of criteria and the 3-dimension space of
value functions is as follows:

Fig. 3. Definition of the altematives as the points In the space of criteria
and its trnsference to the value functions space.

Therefore, we would consequently have, n-dimension
space that each of its dimensions is the identifier of value
function related to one of the n-criterion of the arbiter; and
each alternative a; (f = 1,2,..., ) in this space has the n-
component ‘coordinates that couid be considered as a spot
(peint) of this space ina way that the i* th component of each
coordinate of altemative equals the value, the outcome of
‘whick is obtained in terms of the i' th criterion of arbiter ',
The point to be noted is that the value functions space and the
coordinates of an alternative in this space is stiictly
dependent on the idealizations of the darbiter b, since the
criteria are selected by the arbiter as well as identification of
value functions. Therefore, a particular alternative may have
quite different coordinates in the space of arbiters' value
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functions either in terms of the number of the components or
in terms of the value of each of the coordinate’s components.

Consequently we can explain the n-dimension -value
functions space of arbiter 'b' as the "n-dimensional space of
' idealization”.

Since the range of the value functions of v, { = 1,2,...,n
is between zero and 2, thé ideal point could be considered as
a point of the value functions space in which all the
components of coordinate is 2, that is the alternative that has
obtained the highest value in view of the arbiter and would
be represented as a* = (2,2,... ,2). In the similar vein the
negative ideal point is the one that has obtaitied the lowest
value in view of the arbiter, so all the components of the
coordinate equals zero and is displayed as a~ = (0,0,...,0). it
should be noted that, here we assume a~ has never bceu a
member of the alternativés to be considered, for the simple
reason that the occumence of such a phenomepon ie.,
existence of such an altenative that in view of all criteria has
the absolute zero value is quite rare and almost iinpossible. If
by chance such an alternative exists, it could be removed
from the set of to-be-considered alfernatives from the very
oulset,

StepS5. Caleulating the closeness of relational preference
of allernatives to the ideal point and their ranking based on
this index: in this step, we obtain the Euclid distance,
between the identifier point of cach alternative in value
functions space, from the two ideal pomt and negative ideal

point as follows:

n 2

5= Z wer(2-91)

i ‘] i=1 (4 ( ') (‘g)
J=12 .9

= 7 At

S = JZiawi (v))5 )

f=12,..9

In which for Sj', J=12,..,g consists of the Euclid
distance of alternative ¢y from the ideal point and S, the
Euclid distance of alternative q; from the ideal negative point
in the value functions space. Now, in order to rank the sef of
alternatives A, we define an index termed as "closeness of
relational préference to the ideal point'as what you could see
below:

Pre

=
RPC]! e

s J=12,..,4 {1

The R?Cb’ is the indicator of the closeness of relational
preference of altemative a; to the ideal point of -a*in
idealization space of the arbiter b. if a; = a*, RPC}! equals 1
and when a; = a~ it equals zero, bul since we assume that 4~
is not a1 inember of to-be-consideréd alternatives of A, always

we have 0 < RPC %1 (j=1.2,..,4). the higher is the
index for one altematme the cIoser the alternative is to the
ideal in terms of the preferences of arbiter element ', and at
the same time it is farther from the negative deal. Finally we
order and rank the altematives of set A, in descending order,
from the highest proximity of relalmnal preference to the
ideal point, to its lowest proximity.
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Now for solving this problem and oblaining the most
appropriate assignment, we sitggest (he following phases:

Phase 1: we utifize the mnking procedure for every single
elements of X and Y type in arbiter position:

Vyiii.x tankg (Y.C7)
Yy et ranky (X, %)

Phase 2; in this phase we form the decision matrix of
problem by applying the result obtained from the first phase
as follows. As we know, we age dealing with a reciprocal
Jjudgment and each asmgmnent of a Y type clement to a X
type efement form n to-be-considered alternative which are
shown as (X,Y%), i=12.,k and j=12,..,L I
addition, we wanf to assess eaclx _of these altematives as fow
ateributes the first atiribute (UX) is the amount of relative
utility of this assignment in terms of X type element, and the
second alttibute (UY) is the amount of the relative wtility of
this assignment in terms of Y type element, We show the set
of these two attributes as U*Y = {UX,UY¥}. Therefore, the
decision mafrix structure would be defined as follows;

(1)

Fig. 4. The structure of decdsion matrix in assignment model based on the
multi-criteria reciprocal judgauents,

In which the Uy (I = 12,..,k and j = 1,2, ..,1 ) is the
result or thé outcome of the judgmeiit of X type element
about the assignment (X,,Y)) and equals the amount of
relative utility of element Y, in terms of element X;, also U,
(=12 ..kandf =12, ..,1)is the result or cutcome of
the judgment of Y type element about the assignment (X;,Y;)
and equals the amount of relative utitity of element X; in
view of ¢lement ¥;. Now ihe question is that how are these
outcomes obtained? For eachi =1,2,..,k andj =1,2,..,[
we define the outcomes of decision matrix in following way:

(12)
[ We have

Y, X
U == wy,  RPC 5 Uljs=wy, RPCy)

So for each {=12,..,kand j=12,..,
0<Uf, U s 1.

Phase 3; Now we define an-index that could be used as
the decision critéria in solving problem. This index is called
“tolal efficiency in reciprocal optimality” and for. each
alternative (X.Y;), i =12, ..,k and j = 1,2,...,{ ,we show
it with E;. We could c0n51der this index as a finear
cothbination of U U}}, that is if the decision maker (DM)
give the wejght Wx to the X type element judgment and give
W, to the judgment of Y type elément so that Wy + W, = 1,
0 < Wy, Wy < 1, then the linear combination of 5y := Wy -
UL +Wy-UY could be considered as an index for
measuring the "fotal efficiency it reciprocal optimality”.
However, the point te be noted is that in-this definition, the
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£y detivative in relation to Ujj or UY, is a constant vahie,

which is the ratio of the lotal efﬁcwncy changes to the
relative utility changes of the altemative is & constant value,

While, commonly the closer the amount of relative utility is
to 1, and the alternative has higher level of satisfaction, the
less the sensitivity would be foward the optimality changes.

For this reason, we should define index By in & way that it
owns this characteristic. Here we define the index £/ for the
altemative (X, %), 0= 12,k wd j=12..,0 in
following way:

1
+ 14 logwx U;‘}

EU ' (13)

1
"1+ 1ogw, Ufy
In which the first sentence ghows the efficiency of
(X.,Y;) in X dimension and the second sentence shows the
efficiency inn Y diménsion. Also itis clear that 0 < By < 2,

‘The reasons thal confinn the appropriateness of the
above definition for Fy:

I. Function -mo % (0<b<1) is shown in pictureS. Simply

we could sce that the derivative of this function is
positive (ascendant) and its second derivative is
negative, In fact the more we get closer from x=1 to x=0
the slope of the graph slowly become lower which is
compatible with what is in the mind of the decision
maker. Because the mote the relative utility is and closer
to 1, the less the sensitivity of the decision maker is
toward the optimality changes, in other words when the
relative utilily of an altemative gets higher the speed of
the éfficiency changes becomes lower.

2. This definition maintains the order and density of the
preferences properly, and calcilates the efficiency size
with regard to the significanice weight related o the
judgment of each dimension based on thé relational
preferences.

¢ Without disturbing the totality of the problem, we
consider the statement’ related to the efficiency from

the dimension of X ( —;;—-y , if we consider the

sentence related fo the eﬂicxency from the Y
dimension the change procedure would be the same.
Therefore, the consideration of one of these two is
sufficient.

s We pssume Uf {1 1o be constant and incréase the Wy,
consequenlly, as shown in Fig.5, the walue of

w woutd decrease; in fact the efficiency

would decrease from the X, dimension. In other word,

if we assume the amount of relative uhhty cf
assumed alternative (assignment of ¥; to X;) inview
of X; ;udgmeni as constant and i mcrease the amount of
Wy, in fact we have decreased the significance of
judgment in X dimension, because Wy =1- Wy and
it is normal that the efficiency gel decreased in X
dinension. Also if we decrease W, consequently, the

. . 1 .
Wy get increased and the value of Triogwy 07, wonld

increase and in fact the efficiency would increase
from x dimension,
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* Now, we keep W, as a conslant and distinct value and
increase the amount of U As in Fig. 5, we will see

that m increases m paraliel with increéase in
iy

Uu That is if we assume W, as constant value (in
fact, the significance weight related to both dimension
is assumed to be constant and specificd), based on the
graph in Fig: 5, the more the value of relative utility
of alternative is in view of ¥; judgment, the more the
efficiency value would get from the X dimension. The
reversc also tarns out to be true, that is the decrease of

for one alternative feads to decrease its efficiency
_m v:ew of X dimension. However it shauld be noted
that the slope of efficiency changes would decrease
with an fncrease in relative utility value and it is
exactly what happens in the decision maker mind,
because with increase in the relative utility level, the
sensitivity of the decision maker about these changes
would decréase and this feature is well considered in
hie definition of efficiency.

» If U} and U}; have the same value and Wy > Wy,
then based on the assumed definition, the efficiency
of the alternative from X dimension would get higher
than the efficiency of the alternative from the Y
dimension.

« If Wy=W,, mesming that the significance of

judgment of X and Y dimension is the same in

-+ decision making and UJ} > U}, then the based on the

definition, the efficiency from X dimension would be
higher than the efficiency fiom the Y dimension.

1

——— 4 ) aesminimnnsi
¥ 1Hlogy, X

B YT

|

Fig. 5. The graph of Yorer s when 0 < by <bz <1
Jt should be noted that, here, we arent lookmg for the
numerical value of efﬁc:ency index, but what is important is
that this index could properly identify the total preference
order based on the two dimension optimality of the to-be-
considered altematives, and since the behavior of defined
formulation for £y; is all the time in consistent with reality of
decision maker mentality, it seems that this definition is more
appropriate and efficient than he basic definition (linear
compound) So in this p!mse for each assignment(X,.1;), I =
.k and = 1,2,...,1, the numerical value of Eyy would

be calculaled based on thc deﬁned formutation.

Phase 4: In target function of assignment problem, in
order {6 identify the maximum of 2-dimension optimality
measurement, the values of Ej; would be ufilized and the
problem would be formulated in following way:
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k i
MAX ¢= I—H—[EUSU

=1 f=1
Subject to 1
t .
Z, sy=P =12k
j=1

k
sypst d=12,..1
Zm i [}

Sy=0or1

(14)

In which the sy = 1, that js the assighment of element ¥
to the ¢lenient X; is done through DM while for 5;; = 0 no
assignment has -taken place. Since 0 < E; <2 and Sy =
0 orl, we could conclude that 0 < ¢. Therefore, by
ca!cu!atu_lg the logarithme from the targél function of ¢, we
could convert the above noi-finear problem to the following
linear programming problen.

k I
MAX Y =loge = Zzs,, logyy

{uf fel
Subject to :

L

N sy=n =ik as
J=1
k

Z spsl o Lj=12000
f=1 -

Sy = Qor 1

The above linear progeanuming would certainly have one
optnnai answer, and that answer would indicate the optimal
assignment of the set 6'Y type element to the set of X type
element by DM and with considering the utility of both
decision dimensions.

IV. NUMERICAL EXAMPLE

Here we provide a real experiment about the assignment
of job positions to individuals in order to demonstrate the
applicability of the suggested .approach in which a
corporation manager, as a decision maker, requires the
decision analysis techniques for. assigning three employees
(1}, Y,, ¥3) 1o two jobs of store management (X,) and finance
manager (Xz) so that by considering the utility and
employees' inferest and also the reqmred competencies of
each job, decide on the best assignment in a way that the
utility of both sides is being satisfied as for as possible. Here
cach job is being occupied by one pérson and the weight
factor which the manager allocates for assignment system
element is as follows:

Wy=07 , Wy=03
Wy, =04, Wy, =04 , Wy, =02
Wy, =06 , Wy, =04

In order to extract the required data, we have designed
some simple question forms, which were customized fo
estimnte alternative’s score on each criterion. In these forms,
the persop had selected a number in range 1 to 5 for each
question to deinonstrate hisfer preference, and total average
nunber was final score, which is conveited in range o to' 1.
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TABLE L

INTRODUCTON OF THE SETOF CRITERLA £%

Salary and | Responsibility | Nature of | Populasity in
benefits ; that depariment

TABLE IL. INTRODUCTION OF THE SET OF CRITERIA CY

Public
Relations

Job-refated
experience

Management
power

Job-related
gducation

TABLEIIL  WEIGHT-GIVING TO CRITERIA FOR JUDGMENT ABOUT YSIN

VIEW OF XS

TABLE IV, WEIGHT-GIVING TO CRITERIA FOR JUDGMENT ABOUT XS IN

VIEW OF YS

_ 0.1
02 0.5 1 0.5
S 02 0.4 0.5 0.5

TABLEVIL.  THEVALUES OF X5 ON CRITERLA ¥ VIEW OF V)

TABLE VI THE VALUES OF X,S ON CRITERIA IN VIEW OF ¥,

TABLEIX. THE VALUES OF X;5 ON CRITERIA N VIEW OF Y3
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TABLE X.

DECISION MATREX

THE TOTAL EFFICTENCY IN RECIPROCAL OPTIMALITY FOR
EACH POSSIBLE ASSIGNMENT

TABLE X1,

. 0,225
0,434 - 0.362
0.457 - 0,34

A .522 - 0.282
1 054 - 0.268
0.442 - 0,354

At this stage, we solve the following linear programming
to achieve the assignient with maximum efficiency.

MAX lp = iOgCﬁ =~0.225 311 - 0 362 512 - 0,34 Slg
Subject to
Syt S+ 8 =1
Sz; +Szz + Sg3 =]
Sip 8y 51
Siz+Sp sl
Szt 8 s1
Sy=00r1
The optimal answer nf this linear programuming is: 5* =
(1,0,0,0,1,0), That is only amount of S, and Sy, are | and
This means that (According to the proposed method in this
study) assigning individual ¥, to pesition of store
management and individual ¥, to position of finance
manager were appropriate decision With regard to judgmenls
of two fionts of assignment. In practice, after assigning new
managers based on obtain results. The satisfaction survey (by
question fornis) demonstrates safisfaction in these two
departments over %75 increased than before on both upper
managers and employees® levels.

CONCLUSIONS

In this study with proposing a novel viewpoint on the
basis of existing reciprocal systein of judgment between the
alternalives of the both side of assignment, the objective
would be to maximize the assignment efficiency in obtaining
the two dimension oplmmll(y with which cost and profit gets
sibstituied ‘Wwhich was considered in standard assignment
problem, and for this pwpose, a compound index was
defined for measuritig the function of each possible
assignment in problem formulation. Then a mathematical
programming model was proposed for problem solution and
for determining the assignment with maximum efficiency it
was transformed to a clussic linear programming model.
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